BACKGROUND: Although vaginitis is a common outpatient problem, only 60% of patients can be diagnosed at the initial office visit of a primary care provider using the office procedures of pH testing, whiff tests, normal saline, and potassium hydroxide preps.
V aginitis is one of the 25 most common medical reasons for consulting a physician in the United States, 1 resulting in 5 to 10 million office visits per year. 2 Although they encounter vaginitis frequently, primary care practitioners have difficulty making an etiologic diagnosis in the office setting. [3] [4] [5] [6] [7] [8] [9] Specialized centers report diagnosing 80% to 90% of women from the initial visit, 10 but primary care providers report only a 50% to 60% chance of reaching a diagnosis despite extensive laboratory testing, 4 because the typical practitioner lacks the office resources and expertise found in specialized centers. The cost of diagnosis in patients presenting with vaginitis symptoms can vary dramatically depending on the amount of testing conducted at the initial visit. Most experts agree that diagnosis should begin with a complete pelvic examination, determining the source of the discharge (cervical or vaginal), gross evaluation of the discharge for consistency, and adherence to the vaginal walls or cervix; followed by wet mount preparations with saline looking for clue cells, white blood cells, and Trichomonas vaginalis; potassium hydroxide (KOH) testing for yeast and the whiff test; and pH testing. 11 If these are nondiagnostic, however, should the practitioner: 1) perform extensive testing at the initial visit, or 2) limit initial testing to simple, inexpensive bacteriologic tests to reduce costs and burden to the patient, realizing that more patients will require follow-up visits and testing to reach a definitive diagnosis? We performed decision and cost-effectiveness analyses to compare these strategies for patients who present with symptoms of vaginitis, but who remain undiagnosed after initial office-based evaluation.
METHODS
We constructed a decision tree using a standard computer program (Decision Maker 7.06, Pratt Medical Group, Boston) and data derived from relevant peer-reviewed articles in the English language. We then analyzed the outcomes of 28 different office-based diagnostic strategies for the medical management of vaginitis. We considered a population of healthy women who present with vaginal discharge, pruritus, irritation or odor who could not be diagnosed by initial office evaluation consisting of pH; wet mount (KOH and normal saline [NS]) preparations for Candida species, Trichomonas vaginalis, and mucopurulent discharge; and the four criteria to diagnose bacterial vaginosis (thin, homogeneous discharge; pH44.5; clue cells and a positive whiff test). We assumed that practitioners would not perform Gram's stain in the office. Pregnant patients and those who used over-the-counter treatment for vaginitis were excluded.
Diagnosis and Treatment
The possible etiologies of vaginitis are yeast, Trichomonas vaginalis, and bacterial vaginosis. Cervicitis caused by Chlamydia trachomatis and Neisseria gonorrhoeae can also mimic vaginitis. Herpes infection can present similarly to vaginitis. Other etiologies are less common (Table 1) . For simplicity, we assumed that each patient would have only one causative organism. We considered initial diagnostic strategies that incorporated the following tests, either alone or in combination: vaginal pH, vaginal cultures for Candida and Trichomonas, Gram's stain for bacterial vaginosis (BV), and DNA probes for N. gonorrhoeae and Chlamydia (GC/Chlamydia probes). We assumed that pH test results would be available during the examination and could be used to guide further testing at the visit with a normal pH excluding BV, trichomonas, and atrophic vaginitis. We estimated that all other test results besides the initial office evaluations would take two days. Specific treatments were based on Centers for disease Control and Prevention (CDC) guidelines (Table 2) . We also considered 2 empirical treatment strategies: 1) treatment guided by vaginal pH (treatment with single dose fluconazole for Candida when the pH is less than 4.9, or treatment with 2 g of metronidazole to cover Trichomonas and/or BV when the pH is greater than 4.9) or 2) treatment with both fluconazole and metronidazole.
Further Evaluation
Patients who responded to initial treatment were considered cured. We assumed that patients who failed the initial therapy would receive the prescription for the second therapy by telephone, but those patients who failed empiric therapy or who were undiagnosed after the initial round of tests would return for an office visit and undergo all previously unordered tests. We estimated that symptoms from causes of vaginitis other than those modeled would resolve 20% of the time without treatment before a second visit.
Referral to Specialists
The model presumed that patients not responding to two courses of therapy and those who were undiagnosed despite a complete battery of tests would be referred to an infectious disease or gynecology specialist, who would repeat all tests and treat all diagnosable patients appropriately. For patients with symptoms due to causes other than those modeled, we estimated that specialists could successfully treat half.
Adverse Outcomes
The probability of treatment side effects appears in Table 2 . For simplicity, we assumed that side effects would last 2 days and be equal in severity to the vaginitis symptoms.
Outcome Measures
The model summed the costs of all diagnostic tests, office visits, and referrals. Effectiveness was expressed as change in symptom days. We assumed that all vaginitis symptoms would be of equal severity regardless of etiology, would persist until properly treated, and would disappear on the third day of successful treatment. 12 
Sensitivity Considerations
All quantitative assumptions were subject to one-way sensitivity analysis to discern their relative impact on the cost-effectiveness of different strategies. We also conducted a probabilistic analysis in which we varied all inputs simultaneously to determine confidence intervals for the results. We Other .16
Ã Base case is the estimate used in the model, derived from the literature, cited in column 5.
w ''Low'' and ''High'' refer to low and high ranges of the probabilities, derived from the literature, cited in column 5. 
Data and Estimates
Etiologic Agents. Yeast causes 20% to 33% of vaginitis symptoms 2,10,11 (Table 1) , BV 28% to 50% 7, 10, 11 , Trichomonas 10% to 20% 2,10,11 and cervicitis 2% to 7%. 5, 7, 13, 19 Initial office evaluation correctly diagnoses Candida species 60% of the time 10, 11 (Table 3) , Trichomonas 70% of the time, 2, 8, 10, 11, 23, 24 GC or Chlamydia 30% of the time, 25 and BV 90% of the time. 3, 8, 10, 11 Using these data, we calculated the conditional probability of each of these etiologies given a negative initial office evaluation, as well as the probability of each diagnosis depending on vaginal pH (Table 4 ). For simplicity, we assumed all subsequent tests were conditionally independent and 100% specific.
Treatment Efficacy and Side Effects. We based our estimates of the efficacy and side effects of treatments on data from randomized clinical trials (Table 2) . We assumed vaginal creams would cause contact dermatitis in 10% of patients, and that fluconazole would cause gastrointestinal symptoms in the same proportion. [14] [15] [16] Metronidazole causes secondary yeast infection and gastrointestinal symptoms in 7% to 10% of patients, depending on duration of treatment.
18
Costs. All costs were in US dollars for the year 2003 and assumed the societal perspective (Table 5) . We included all direct medical costs combining the costs of diagnostic testing, physician visits and prescription medications, as well as indirect costs from lost productivity during physician visits. Costs for diagnostic tests and physician visits were based on the 2003 Medicare Fee Schedule. Drug costs reflect average wholesale prices. Labor costs were based on US average employee compensation for 2003. 34 
RESULTS
Prevalence of Disease Table 1 shows the prevalence of the common causes of vaginitis in patients presenting to practitioners. Using the sensitivity of office evaluation described above for each of the causes, the model calculated the prevalence of each cause in the subset of patients with non-diagnostic office wet mount preparations, both overall and based on vaginal pH (Table 4) . Regardless of pH, about 45% of these patients have a diagnosis of ''other'' which cannot be determined by common office tests. Table 2 , column 5. 
Diagnostic Strategies

Empiric Treatment
Compared to testing strategies, empiric treatment strategies resulted in fewer referrals (40% vs 41% to 46%), but more adverse effects (11% to 19% vs 6%). Diagnostic testing followed by pH-guided empirical therapy while awaiting test results was superior to both empirical treatment and testing alone. Depending on the testing strategy, the savings associated with adding empirical treatment while awaiting test results ranged from $8 to $63 (mean savings $39), and decreased symptom duration by 0.6 and 1.3 days, even after accounting for additional side effects and costs related to empirical treatment. Empirical treatment while awaiting test results was beneficial even if the side effects of the medications were three times as severe as the vaginitis itself.
Sensitivity Analyses
Strategies including empiric treatment and those without were analyzed separately. Results were similar. Despite the small Incremental symptom days represents the difference between the strategy and the next best nondominated strategy. ‰ The difference in cost divided by the difference in quality-adjusted life expectancy for each strategy compared with the next best nondominated strategy. A dominated strategy costs more and is less effective than another available strategy.
differences between the strategies in cost and effectiveness, the model was robust with respect to the preferred strategies throughout the ranges tested. Under most circumstances, comprehensive testing guided by pH at the initial visit was least expensive. Under certain circumstances, however, ordering GC/Chlamydia probes at the initial visit was expensive (Fig. 1) . Initial GC/Chlamydia testing was least cost-effective when the sensitivities of the initial office evaluations to detect Yeast, BV or Trichomonas were low. As a result, these entities would be relatively more prevalent and GC and Chlamydia less prevalent. One benefit of GC/Chlamydia testing at the initial visit is avoidance of future visits. However, if the cost of an office visit is low, or undiagnosable patients get better without treatment, initial GC/Chlamydia probes are less cost-effective.
Under some circumstances checking pH resulted in a worse outcome. The cost-effectiveness of pH testing relies on the ability of low pH to rule out BV and Trichomonas. BV by definition has a high pH and studies of Trichomonas show that it uniformly causes a high pH. However, if the sensitivity of pH testing for Trichomonas is less than 85%, pH testing should not be done, because false negative tests will lead to unacceptable delay in the diagnosis of Trichomonas.
Results of Probabilistic Sensitivity Analysis
In 1000 Monte Carlo simulations, only two diagnostic strategies were ever cost-effective. Testing for yeast, BV and Trichomonas without GC/Chlamydia probes was the least expensive strategy 42% of the time. Comprehensive testing including GC/Chlamydia probes was always the most effective strategy, and was also the least expensive strategy in 58% of the iterations.
DISCUSSION
Understanding the monetary costs and clinical outcomes of managing common medical problems is increasingly necessary for health care providers and to society. [35] [36] [37] Unfortunately, the costs and benefits of alternative diagnostic approaches are not always apparent. In medicine, the traditional approach to diagnosis includes a history and physical examination, followed by the development of a differential diagnosis and the performance of serial testing to arrive at the most likely diagnosis. This approach is particularly appealing when tests are potentially harmful, have a high false positive rate, or are expensive. 38 The ''shotgun'' approach, where the clinician orders every possible test during the initial contact, is considered wasteful at best, and potentially harmful, in that it can increase the likelihood of test complications and diagnostic confusion. 39 However, in the current healthcare environment, the cost of tests may be small in comparison to the costs of additional office visits, referrals, or emergency department visits resulting from delayed diagnosis. Symptoms of vaginitis are common in medical practice. The history and physical findings are seldom helpful in diagnosing the etiology of vaginitis symptoms, including the character of the discharge or the presence of an odor. 4 While a majority of patients can be diagnosed with simple wet mount preparations and related initial office tests, a substantial number remain undiagnosed. The cost of obtaining a diagnosis for these patients is high, at least $330 (Table 6 ), more than 6 times the average cost of the office visit ($50.32) itself.
The task of choosing a diagnostic strategy is daunting. The clinician must choose from among five tests, each with a different sensitivity, specificity, and cost, then consider empirical treatment while awaiting test results. The clinician must consider the three common causes of vaginitis, each with a different prevalence, as well as a number of less common causes of these symptoms, such as gonorrhoeae, and Chlamydia. Ordering every potentially useful test at the initial visit may result in the quickest diagnosis, but is it a reasonable use of resources? Our analysis suggests that immediate testing for all diagnostic possibilities-except BV and trichomonas when vaginal pH is normal-is not only reasonable, but the least expensive clinical strategy, considering the cost of followup visits and referrals.
Empirical treatment with fluconazole, metronidazole or both in place of testing was not cost-effective, because the majority of patients would not be cured and many would incur unnecessary treatment with attendant side effects, delayed diagnosis and associated costs. By contrast, adding pH-guided empiric therapy to any testing strategy while waiting for culture results both shortened symptom duration and decreased cost. Patients treated empirically by pH had immediate relief, without having to wait for culture results, and if cured, did not have to return for further office visits.
Patients who are at high risk of developing complications from vaginal infections, such as pregnant women or women who are scheduled for an abdominal or vaginal procedure require accurate, diagnostically guided treatment. Empiric treatment would be inappropriate for these women since partial treatment may interfere with interpretation of subsequent tests.
There are a number of limitations to our study. Some results may not be generalizable to all medical practices. For example, the prevalence of disease among patients with negative initial office tests is unknown. For our model, we calculated this probability using the prevalence of each of these etiologies of vaginitis symptoms and the known sensitivity of the initial office tests. In individual practices, however, these results will vary depending upon the prevalence of these etiologies in the specific community and the clinician's skill in interpreting the initial office tests. For example, if a clinician does not easily identify clue cells, undiagnosed patients will have a higher prevalence of BV, and a lower prevalence of GC and Chlamydia, making GC/Chlamydia probes less cost-effective for that clinician. Alternatively, if the patient is at high risk for sexually transmitted diseases, or if the practitioner has difficulty distinguishing between the discharge of cervicitis and that of vaginitis, GC and Chlamydia probes will invariably be cost-saving.
Our study was also limited by available data. Although 45% of the patients in our model could not be diagnosed by simple tests available to the average clinician in office practice, it is unclear how much medical intervention helps these women. We tested these variables in the sensitivity analysis and found that if symptoms resolved in more than one-third of these women without treatment, then testing should be deferred to the follow-up visit, as many women would improve before a follow-up appointment. Because these women constitute such a large percentage of vaginitis patients, more studies are needed to characterize the etiology and prognosis of this condition. For simplicity, we also assumed that each case of vaginitis was caused by a single organism. In reality, concurrent diagnoses in genital tract infections are frequent. This fact only strengthens the argument for broad testing on the initial visit rather than testing for, and then treating, one entity at a time.
There are a number of strengths to our study. A decision analysis allowed us to study this complex problem when doing so in a randomized clinical trial would have been impractical.
A second strength is the inclusive nature of our study, which makes the results broadly applicable.
While the cost differences among the diagnostic strategies are modest (no more than $81 per case, on average), the high prevalence of vaginitis makes these differences expensive in aggregate. Choosing one diagnostic strategy over another could result in savings of tens of millions of dollars annually on a national basis. Similarly, 1.3 symptom-days may seem trivial, but when multiplied by one million patients it represents 3,600 patient-years of vaginitis.
CONCLUSION
Vaginitis is common, yet often difficult for primary care practitioners to diagnose effectively in the office setting. Our study suggests that considerable savings and decreased symptoms can be achieved by using vaginal pH to guide testing and treatment at the initial office visit for those patients who are undiagnosed after a complete pelvic examination, evaluation of the discharge, whiff test, pH and wet mount preparations. Under most circumstances, testing for GC and Chlamydia will also improve outcomes and save money.
